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OPTIMIZATION OF THE FIALKOW-GERST MULTIPORT

*
RC TRANSFER FUNCTION SYNTHESIS

D. Hazony and D. Hilberman

ABSTRACT

A method is presented which reduces the number of
components needed in a Fialkow-Gerst multiport RC trans-
fer function synthesis. A relationship is determined
between the number of non-zero numerator coefficients in
the transfer function vector and the number of components

used in the synthesis of that vector.

*
Work also supported by the American Society Zfor
Engineering Education and the Leeds and Northrup Company.
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INTRODUCTION

Although the Fialkow-Gerst synthesis technique
has been known for some time1_4, and although it
has been extended to multiport networks by Zeren
and otherss'g, the large number of components it uses
is still a major problem, Kodali8 has worked on re-
ducing this number and an extension of his work will
be presented which reduces the number of components
in three ways. First, it eliminates components from
the termination of the network. Second, it permits
the calculation of an arbitrary constant, )\, arising
in the Fialkow-Gerst synthesis. Finally, the method
yields transfer functions which are freguently amen-
able to special-case synthesis techniques.

The importance of RC transfer function synthesis
has been increased by the recent work of Hazony and
Joseph7, which permits the synthesis of any RLC
transfer function vector with one unity gain ampli-
fier and an RC network.

A computer program is provided in the Appendix
which incorporates this variation of the Fialkow-

Gerst synthesis.

B e e
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CHAPTER I

THE FIALKOW-GERST TRANSFER FUNCTION SYNTHESIS

1. 8Synthesis of a Transfer Function Matrix

The Fialkow-Gerst synthesis of a grounded multi-
port RC transfer function network is well known
and will be outlined in this chapter only to intro-

duce notation and provide a reference for later dis-

cussion.

__________%__ 0 +
. A
J RC NETWORK
m |
+ + +
E
Pl
Eﬁ) E] Em o ri\+l
_ o

Fig. 1.1 A multiport RC network.

We can describe the network of Figure 1.1 by

the equation

= [T] * [Ein

[Eout] 1.

where the elements, or entries, of the matrix T are

given by
-2-



. + a ;
) anqs + aqus argl
(1.1) tqj(s) = T
qus + blqs + ... + brq
A _.(s) Y
= 491 ___ - _ 9]
B _(s) Y
q aq

for q =m+l , ..., m+n, and for j =1, ... , m,
If a row of [T] is considered as a vector t then

with appropriate surplus factors, t can be made to

have only positive coefficientsl'6. Each entry tqj

must then satisfy:

i) The poles are distinct and lie on the
negative real axis;

(1.2a) ii) 0 X5 ;ai

- for g =m+l, ... , m+n
] =

q)l
i-o' e e ’ r,

(1.2b) iii) 0 < a, .
1qJ j = 1, eoe ¢ m.

Such t . are termed RC R-functions and a matrix
with all RC R-function entries is called an RC

t-matrix.

For convenience we will assume throughout this

paper that
bobr # 0.

s
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Following Fialkow, et al?, we synthesize only

one row of an RC t-matrix at a time. If that qth row

N W = e

is given by the vector

—— -

Aq1 Bam
Eq = (tql'tqZ' xele B tqm) = Bq

*
of degree r with m vector entries, then the first
step in the synthesis is to choose a polynomial Dq

(of degree (r-1) with negative real simple zeros)

such that
B b. s¥ +b. s¥1 4+ ... +b
= -9 = 0 qu rq
qq D r-
q doqs + ... ¢ dr-l,q
and
A .
2y .= 41 , for all 3,
qj D, :

are RC admittances.
The second step is to split the short circuit
driving-point admittance, qu. into two such functions,

i and Y" . Thus for the first cycle
qq qq

*In this paper we are only concerned with RC
transfer function vectors whose entries have a comrmon ‘
denominator. Thus the term "degree" is used only in
reference to that denominator and not the transfer
function matrix as a whceole.

——— -



1 1
Y = 3
qq 1 1 1
Cls y y(1) Ry # yle
qq qq

Obviously any method which accomplishés this
split is valid. A method by Hazonye’e, which will

be used later, utilizes a split factor )\ so that

o q * o o + gr-z s
(1.3) YA T+ ( — 4
0q doqs * e * dr-l,q
r-1
b s + ... +g_ ., 8
HFEL 4+ (1) (M 1-2.9
r-llq doqs + oo + dr-l,q

where 0 < )\ < 1 but otherwise )\ is arbitrary and in
general it will have a different value for each syn-

thesis cycle.

Using equation (l1.3) we can write the new ad-

mittance Y(l) as

qq
. b(l)sr-l + b{l)sr-z + ... +b(1)
(1.4a) v(1)a 0g q r-1,gq .
q q(L) r=2", +all)
w * e o r-2'q

where
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(1) _
(1.4b) Pog = boq ,
(1) _ Pogdiglr)  Ab 45 4,4
(1.4¢) bi bi A+ 3 3
q q Oq r-llq
for i =1, ... , r-1, and
(1)
b3~ “d
(1) _ __ig r-1,q
(1.44) diq diq b(l) ,
r-1,q
for i =0, ... , r=2,
Similarly we can write Yéé) as
(2) r-1 (2) _r-2 (2)
b s + b s + ... +Db
(1.5a) v{2) = la_ 29 rq
) qq d(2)sr-2 4 + day
lq e o o r-l’q
where, for i =1, ..., r-1,
(2) _ Ay L PogdigtA)  Mbydioy g
(1.5b) bi bi (1-x) 3 + 3
4 d oq r'llq
(2) .
(1:5¢) brq brq , and
(2)
b. d
(2) _ _ _i+l,q 0gq
(1.54) diq diq - 5)

’

—_— GEH TE ==
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The resistor and capacitor removed are given by

- (1)

(1.6a) c, = br-l / dr-l,q farads and
a (2)

(1.6b) R2 doq ¥ blq ohms.

These equations emphasize the adaptability of
this synthesis method to a computer solution.

The final step in the synthesis cycle is the
computation of the two reduced transfer function
vectors such that each vector entry, as well as the

sum of the entries, is an RC R-function. Hence, for

the first cycle t becomes

A(l) A(1)
(1) _ 1 m

g q

and

(2) (2)

(2) A A
t 1 m

d q

where the numerator coefficients satisfy

_ (1) __(2)
%0qj T ®oqi ‘' %rqj T %rqj

’

(1.7a)
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_L( ()

(1.7b) a. . NTY N
1q] 1q] 1g9]

’

for i =1, ..., r=-1, and all j,

and the denominator coefficients satisy

_ (1) _L(2)
(1.7d) b, =bY +p2  fori=1, ..., r-1.
ig ig ig

Equation (1.7) can be represented as

A . =38 A(l) + A(?) , for all j, and

q) qj qj

_ Rl o (2)
Bq S Bq + Bq .

Obviously, to preserve the RC R-function charac-
teristics, the new coefficients must satisfy equation
(1.2). Hazonys'6 has introduced a proportional
method for calculating the reduced transfer function

vector numerators which uses the following two

equations:
i i et
(1.83) b. = b = b" ‘
1q 1q 1q

for i =1, ... , r-1, and all j,
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and, by equation (1l.7a),

a(z) = a

. ., for all j.
rqj rqj

(1) _
(1.8b) aOqj aOqj ’

Another method of calculating the transfer functions
will be presented in Chapter 2.
After one cycle the vector network looks like

Figure 1.2, where F(l)
(1)

is a network with a transfer

function vector t and a driving-point admittance

Y(l): F(z) is a similar network.
qq q

1
. (1)] 1
. r ——.——ir————
m q 1

1o e C,s

0 ?—————<>q

M o
R,
=
m g !

Fig. 1.2 The results of one synthesis cycle.

The above process is repeated until unity degree

transfer functions are obtained, at which time the
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(3)
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degree three with two vector entries.

1.3 A typical transfer function synthesis for

- -
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functions are synthesized directly and the network
will appear as in Figure 1.3. In the subsequent dis-
cussion we will refer to the set of resisiors and cap-
acitors obtained from splitting the driving-point
admittance as the tree of the network and the com-
ponents obtained from the unity degree transfer

functions as the network termination.

Once all of the row vectors have been synthesized,
all of the jth inputs are connected in parallel to
'’ield one common jth input to the whole network. As
there is only one qth output there is no interconnec-
tion between the output terminals. The interconnec-

tion takes the form of Figure 1.4.

1
j L] mt G
m
N T
5 o - .
i Em+n o o f+n

Fig. 1.4 1Interconnection of synthesized vectors.
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2. The Augumented Transfer Function Vector

When synthesizing the unity degree transfer
function vectors the grounded components are values
proportional to the differences between the denomin-
ator coefficients and the sums of the numerator co-
efficients. It is frequently convenient to make this

"transfer function" to ground explicit: the comple-

mentary transfer functionl, th’ is given by th =

l - 2 t_ . and the augmented transfer function vector,
J

E%, is the vector Eq with the entry th added, 1i.e.,
t = (t_~, £t .4, . , ¢t .
-q ( q0’ "ql qm)
Since the augmented vector has the property that
m
(1.9) bR A
j=0 aq)

there are no components to "ground" when E; is synthe-
sized. Instead, there are components to the 0th input
port and that port has a voltage generator of zero
volts connected to it.

Let us briefly examine the effect of inter-
changing one of the input terminals with the connec-
tion to ground. Using Figure 1.1, Figure 1l.5a can

be described by the equation

qu = tqlElO TR T

. + + ® o o .
thEJO * tqumO



T B

l o0—— 1o
j o—d 4 |}—o0g i ¢ ty a
mo L, e—

i.u lu

(a) (b)
Fig. 1.5 Exchanging the jth input with ground.

Subtracting EjO from both sides and then adding and

subtracting t__.E., on the right side yields (recall

aj ]
that Eij = EiO - Ejo)
E.=t .E.. +t E_.. + ... + (t .-1-t .)E.
qj ql 1) q2 23 ( qj QJ) J0

+ ...+t E . + E. N
gm mj j0 j=1 91

m
ee. + (1- = t_.)E

= tq1E1y *+ tgofyy * %, tqi'oj
+ ...+t E .
gm mj
= t1E1y * tqofay * oor * tgofoj

& tqumj 5
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which describes the transfer function vector for the
new network of Figure 1.5b in which the jth terminal
is common.

It is apparent that an exchange of the jth input
terminal with ground amounts to interchanging tqo
with t . in E;' which is really no more than renaming
the terminals. This will be used later to justify
arbitrary rearrangements of the augmented transfer

function vector entries.

When t : is zero, there is no connection to the
jth terminal and therefore the vector can be regarded
as an (m-1) entry vector. This fact will be utilized

in Section 4 of Chapter 2.




CHAPTER 2

A METHOD OF SPLITTING AN RC TRANSFER FUNCTION VECTOR

BY CREATING DEGENERACIES

1. Introduction

Kodali8 has developed a method of calculating the
reduced transfer functions t' and t" which utilizes
both the arbitrary splitting factor A of equation
(1.3) and the arbitrariness of the polynomial Dq.

The method outlined below extends his results to
vector transfer functions and explicitly considers
functions of arbitrary degree. The method also pro-
vides useful values for the split factor .

As we saw in the last chapter, the actual method
used to obtain the vectors t' and t" is arbitrary
provided that the coefficient conditions are satis-
fied. The method presented below forces the numer-
ator coefficients to satisfy the equalities of equa-
tion (1.2) as much as possible. This leads to fewer
components being needed in the synthesis of the unity

degree transfer functions.

2. Transfer Function Calculations

The method below considers the coefficients of

st as a group of numbers which can be split into

-15=-

bl . ﬂ-;}ii} dals s e i s
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two new groups such that the sum of one of the new
groups is either zero, b', or b". One of the new
groups is then assigned to t' and the other to t" as
the numerator coefficients of s* 17! and s¥™% re-
spectively. The reader can best follow the general
method of calculating Eé and Ea by considering a

particular case first.

Example 2.l1. Suppose that the numerator coefficients

of s3 in a five entry transfer function vector of de-
gree seven are given by a1 = 3y, = 5, a3 < 2,
a4 = 9, and A5 = 1, or more compactly, as

a, = (3, 5, 2, 9, 1), and chat the denominator co-
efficient is b4 = 30. Suppose also that in splitting
the admittance by using equations (1.4) and (1.5) we
obtain b} = 21 and b)

4 4
al method of equation (1.8) for calculating the reduced

= 9, Then using the proportion-

transfer functions we obtain

-

21,

. - (21, 7, 71, 63, _7 27, 8
3, =T 2735 10 10 ).

3, 21
5 10 10

In splitting these coefficients we only require

that equation (1.2) be valid, namely that

IN

21 , 0< 3 aa. <9 |,

o
IN
nM™Mwm
[o1]
.p-
)
|
.
(]
’_-l
('}
|

e GEF
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and each coefficient is non-negative, and that

e

1 " . Aiti
a4j a4j a4j. It 1s apparent that these conditions

are also met by each of the following:

i) 3, = (3: 5z 2, 0, 1, a; = (0, 6, 0, 9, 0),
iia) g& = (0, 0, 1, 9, 1), a, = (3, 5, 1, 0, 0),
iib) a, = (o, 0, 2, 9, 0), a, = (8, 5 0, 0 1},
iii) g& = (3,5 2, 9, 1), E£ = (0, 0, 0, O, 0).

The advantage of this second type of calculation
lies in the number of zero coefficients introduced,
since, in the last stage of a synthesis, every non-
zero coefficient in the augmented transfer function
vector is proportional to the inverse value of a
resistor or capacitor. In the following pages it will
be shown that one can always calculate g& and gz in
this manner and that the worst possible case, in
terms of the number of non-zero coefficients, yields
four instead of five zeros for a five-entry vector.

For the sake of clarity let us drop the sub-

r-i

ipt d i, i.e., let t =t and let a, .s =
scripts q and 1, i.e e tg =& and let a;

r-i
a.s p

The three basic splits of Example 2.1 correspond
to the three methods that can be used to make the co-

efficients equal to O, b', or b". Assuming that
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b' < b", the coefficients of s° ' in the numerator
and denominator of the vector t must conform to at

least one of the following three classifications:

(2.1a)

(2.1b)

Class i) a, 2 b' for some k between 1 and m.

With a, > b' we can split a5 into

k
two parts; the first will equal b'; the re-
mainder and all the other coefficients will
form t".

Putting this cplit in equation

form we have

1]
]

] (1] - - ]
X b' and a " ak b',

o]
]

. 0 and a". = a. , for all j k.
j j j )7
It follows that such a split
satisfies all of the coefficient conditions
and that it creates (m-1) zero coefficients.
If a

k
and thus rewrite equation (2.1) with ' and

2 b" we may wish to use b"

" interchanged.

Class ii) aj<’kﬂ for every j and yet

2 a. > b",
3 J

Since no one coefficient is large
enough, a partial sum must be formed such

that by adding a fraction of ay to it, the ’



(2.2)

(2.3a)

(2.3b)

(2.3c)

-19-

partial sum is equal to b"., The re-

mainder of akand the unused coefficients

will form t'. Thus we pick k such that

1 k
aj < b" and 2 aj>b"

™M

j=1 j=1

and calculate the new coefficients by

setting

a5 = 0 and a"j = aj for 3 =1, ..., k-1,
k k-1

al! =-Db"+ S a, and a! =b" - 3 a. ,

k j=1 J k j=1 J

aa = a, and a; =0 for j = k+1, ... , m,

Since the entries of a transfer
function vector can be moved about in the
vector, one is free to group the coefficients
in any manner. At least (m-1) coefficients
will be zero but sometimes a careful group-
ing will lead to a sum which equals b",
making ak zero (cf. Example 2.1 iib).

Since b' < b", one could write a
set of equations which assign ay with re-
spect to b'. These equations would merely be

equations (2.2) and (2.3) with ' and " inter-

changed.



(2.4)

- 90=

It 1s easily shown that the co-
efficient corditions are satisfied by
equation (2.3): the a; were constructed to
satisfy the conditions with respect to b";

summing the a5 we obtain

m k m
Sat =(0) 4 (-b" + T a.,) + ( = a.)
j=1 j=1 J j=k+1 J
m
= F a. - b" ,
j=1J
but since ¥ aj < b and since b - b" = b' it
3

is apparent that the aa do indeed satisfy
the coefficient conditions with respect to

B! .

Class iii) 2 aj < b".

Under this condition there is no
need to split coefficients since obviously
the aj already satisfy the coefficient con-
ditions with respect to b" and thus can be

put directly into t", i.e.,

. =0 and a" = a. for all 3.
a3 ] j :

This creates m zero coefficients.
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Of course, if the sum is less than
or equal to b' we are free to use equation

(2.4) with ' and " interchanged.

Regardless of which of the above three methods
is used, the coefficients of sr and s0 must be treated

as in equation (l1.7a).

When the transfer function is a scalar, the more
convenient classifications are: 1) a, < b" to use
method iii) and 2) a) > b" to use method i). The
second vector classification for method ii) vanishes

trivially.

3. The Number of Components in a Synthesis

To evaluate the effect of the above split on the
number of components needed in a synthesis two de-
finitions will be introduced.

Definition 1. A numerator coefficient, aij' f t i

said to be degenerate if it is zero.

Definition 2. The degeneracy, 6+, of a transfer

function vector t is the number of degenerate co-

.. . ) +
efficients in its augmented vector t .

In a unity degree augmented transfer function
vector each non-zero coefficient is a component and
thus each degeneracy is a missing component (see

Figure 2.1). With this in mind, we will procecd to
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calculate the number of degeneracies at the end of

a synthesis. Once this number is known, determining

the number of components is a trivial matter.

missing
0 ————— components
I‘"":: o |
I il i
1o
—VVN—
2
(n)
. - -
:
_”_ 5 7~
2 o— 2/s 2
e J
1 =

+(n)_ s 1 s+2
Fig. 2.1 Synthesis of ¢t 2s+3 ' 2s+3 ' 2543

with Y(n) = 2843 and é(n) = 2.
2 +
In all of the discussion and theorems that
follow it is assumed that one method of calculating

the reduced transfer functions is used exclusively in

a synthesis.
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Theorem 3. The degeneracy of a transfer function

vector of degree r with m entries satisfies 6+_S m(r+l).

+

Proof. In the vector t there are (m+l) (r+l)

numerator coefficients of which at least (r+l) are
non-zero by equation (1.9). Hence there are at most

m(r+l) degeneracies. To exemplify the extremes:

- = |-=+1
STIEN0 f°’f-t-'[2s+3:|

2
6, =6 for t = [ 5 = '3 35 ]
s™ + 3s +1 s + 3s +1

QED

Notice that the degeneracy of a network is the
sum of the degeneracies of the vectors which describe
that network and as such it will, in general, in-
crease as the synthesis proceeds.

Theorem 4. Using the degeneracy method of splitting

t, the net increase in the degeneracy of a network is

between m(r-1) and (m+l) (r-1) at each cycle, i.e.,

(1), 5(2)_

)y + d, where m(r-1) € d € (m+l) (r-1).

< +

Proof. Upon examining the degeneracy split we
see that only (r-1) coefficients are involveC in the

calcula tion since the coefficients of sr and so are

e T
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not split. Each of these (r-1) coefficients intro-
duces either m or (m+l) new dedeneracies, depending
upon whether or not the remainder is zero. Hence the

asserted limits.

QED

Theorem 5. Using the degencracy split, ifé+ = A for

a vector t, then the final network will have (A+D)

degeneracies, where

m(2F- r-1) < D < (m+l) (2F- r-1).

Proof. Using Theorem 4, after the first cycle

{)(1)+ (224 g

" + o + Where n(r-1) < dy < (m+1) (r-1).

For the second cycle

(3) (4) (5) (6) _
5,0 48, 48,7 46,7 =A+dy+2d,

where m(r-2) < d, < (m+1)(r-2) since r was decreased
by one. We have used the notation of Figure 1.3 that
E(p) splits into £(2p+l) and £(2p+2).

Similar t‘erms are added for the (r-1) times that

the transfer function is split to reduce the degree

an ‘he final result is
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A + m(r-1) + 2m(r-2) + 4m(r-3) + ... + 2r_2m
2.2y
< Z 64 <
r-)
1=2 -1

A + (m+l) (r=1) + 2(m+1) (r=2) + ... + 25" 2(m+1) ,

which is equivalent to
A+ m(25-r-1) < = 511) < A + (m4l) (25-r-1).

QED

In Example 2.2 below the results of the computer
program in the Appendix are used to show how the
number of degeneracies increases as the degree of the
transfer function vectors decreases.

Example 2.2. Suppose that the transfer function

vector is given by

8.88s+185%+17.76s s%+55244

. = .
3 | s%49s34235%+185+44  sY+9s34235%+18s+4

and the driving-point admittance by

e s + 953 4 2382 + 18s + 4

33 4s3 + 275 + 46s + 18

25
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Notice that 6, =7 so that by Theorem 5 there
will be between 29 and 40 degeneracies in the final
vectors. After the first cycle there are 13 de-

generacies since

r ) 3
t(l) _| 7.31s°49.25s+6.14 s +5s
=3 6347.4357114.25546.14  s347.435°+14.25s+6. 14
3 2
((2) | 1.57s%48.75s°411.6s 4 ]
=3 1.575348.755%+11.95+4  1.57s°+8.75s%+11.9s+4

The second cycle (with A = 0.5 everywhere except

(1) (1)
3

for splitting Y33 of t , when it is 0.387) gives

10 more degeneracies in the vectors

L (3) | s5.15s 5245

=3 LD 4 2
|s745.27s+5 s +5.27s+5

@) o 2.165°49.255+46.14 0

=3 2.165%49.255+6.14

. (5) =[1.5752+5.805+3.19 0

=3 1.57s%+45.80s+43.19

£§6) =[2.9532+8.4;s 4
2.955248.67s+4  2.955%48.67s+4

The third, and final, cycle gives the following unity
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degree transfer function vectors:

NG| 3.51 s

=3 |7 s +3.62 ' s + 3.62
G 1.64s , 5 N
((9) _[2.16s +4.93 . |
=3 | 2.16s + 4.93 ! J
((10)_[4.32s + 6.14 s
=3 | 3.325 + 6.14 !
((11)_[1.57s + 3.47 5
=3 | 1.57s + 3.47 !
((12)_[2.33s + 3.19 5
-3 _20335 + 3019 ! -
((13)_[2.95s + 2.69 . ]
=3 | 2.95s + 2.69 i
L) 5.74s 4
=3 | 5.98s + 4 ' 5.98s+4 |

The network which synthesizes £, is given in
Figure 2.2 and since the final vectors have a total
of 30 degeneracies there are only 32 components in
the network.

Returning to the task of calculating the number
of components in a network we have:

Theorem 6. The maximum number of components needed

in a Fialkow-Gerst synthesis employing only the de-

6 Sonie e G 2A

e
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generacy split is (2r+1-2+m(r+1)).

Proof. Considering the absolute worst case of
D = 0, by Theorem 5 there are at least m(2r-r-l) de-
generacies when the syathesis is complete. Since
there are 2° (m+l) coefficients among the unity degree
transfer functions, “he difference, or 2 +m(r+l), will
appear as components in the network termination. Add-
ing to this number the (2r—2) components in the net-
work tree we obtain the asserted result of X+l 2+m(r +1)
components.

A particular transfer function vector may use
fewer components or a practical realization may use

r+1-2+m(r4~1)) is the " maximum number of

more but (2
components needed", i.e., it is a sufficient number.

Corollary 7. The maximum number of components neéded

in a Fialkow-Gerst synthesis employing only the pro-

portional split isAL2r+l—2+m2r).

Proof. It is evident that if the transfer
function vector has no degeneracies at the start
then the proportional split will not introduce any.
Hence nore will appear in the unity degree transfer
function vectors and all the termination components
will be present. These termination components and

r+1_2+m2r).

QED

the tree components add to {2
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The major difference between the two methods 1is
the factor of (r+l) instead of 2¥ in the maximum. The
difference between the methods i1n terms of the minimum
number of components obtainable 1s not as dramatic.

In fact, the real difference lies not in the number

of components but in the number of inputs, or vector
entries, that each method can tolerate before the
absolute minimum cf (2r+l_2) becomes unobtainable.

It will also be se2n that the degeneracy split permits

a larger variety of minimal vector forms.

Lemma 8, The minimum number of components obtainable
r+l

using the proportional split for m < (r+l) is (2 2)

and for m > (r+l) is (2r+1_2) + (m-r-1).

Proof. Regardless of the method of calculation,

2r-1 unity degree transfer function vectors will be

produced in a synthesis. Since each of these has at

least two non-zero coefficients in 1ts augmented vector

there must be at least 2° components 1in the network
termination. When the components in the network tree

+
r l-2) components.

are added there is a total of (2
Since a maximally degenerate vectcr will use a

minimum number of components the problem becames:

when 1s 1t 1mpossible to use a maximally degenerate

vector? For the proportional split this cutoff

occurs when all the denominator coefficients have
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been used to form entries, 1.e., whenm > (r+l). If
the extra entries are created by using fractions of
the coefficients of s0 or s° there will be an increase
of only one component for each of the fractional en-
tries. This is due to the fact that the coefficients
of so and s¥ are not split in the synthesis.

The existence of the vectors is demonstrated by

52 3s 1 52
2 d 2 ‘ 2 2
25 +3s5+1 2s +3s+]l 2s"+3s+l 2s"+3s+l

|

which only requires seven components.
QED

It should be noted that if any other coefficient
is used then, as the vector is split, this extra co-
efficient will appear in more and more vectors until
it becomes the s® or s0 coefficient. These excess
coefficients will of course produce excess components.,

Theorem 9. The minimum number of components obtain-

able using only the degeneracy split for m < 2r,;g
r+l

(2"*1_2) and for m>2F is (2°11-2) + (m-2Y).

Proof. The calculation is the same as in Lemma 8
and the transfer function vector forms are essentially
the same. The entry limit of 2 comes from the fact

that a number which is in the original vector numerator
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can be carried, unaltered, to one of the unity degree
transfer function vectors. Thus, corresponding to

Example 2.2, by starting with the vector

£ = 1 {54, 1.57s3 , 2.9582, 2.33s2

=3 s4+9s3+23sz+185+4

3.47s2 , 6.14s , 4]

one would get terminal vectors such as

(7) _|_—s
3 =|s¥3.62+ % 0. 0. 0,00

(11) _ 1.57s 3.47
3 '[0' 1.57s+43.47 + % O 5¥3.47 + @ é]

and this network would require only the minimum thirty
components. Obviously the limit is the number of de-
nominator coefficients, 2r, that are available in the
termination vectors, not the (r+l) in the original
vector, as in the proportional split.

When m > 2" fractions of coefficients may be used

to obtain a minimum of components but they are no

longer restricted to any particular coefficient.
QED

Applying Theorems 6 and 9 to Example 2.2 the
synthesis will yield between thirty and forty compo-

nents for the degeneracy method and between thirty and
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sixty-two for the proportional method. After
synthesizing 1t both ways, it is found that the pro-
portional split synthesis used forty-four components
and the degeneracy split used thirty-two. In the
next section it will be shown that even the latter

number can be reduced.

4. Hybrid Synthesis

The degeneracy split greatly enhances the
possibility of obtaining special transfer functions
which can be synthesized by non-Fialkow-Gerst methods,
at a savings of comporents. The example below illus-
trates this point.

Example 2.3. Examining the transfer functions of
Example 2.2 we see that both £(4) és)

3
functions of the form t = [1,0], with second degree

and t.” "are trivial

driving-point admittances given by the computer as

2

y(4) _ 2.16s°+9.25546.14

33 0.65s+1.19
and

v{5) = 1.57sz+5.805+:_4.19

33 0.86s+1.58

Such transfer functions can be synthesized as in
Figure 2.3 by a ladder network. When this is done

for the problem at hand we obtain Figure 2.4, which
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has only twenty-eight components--two less than the
absolute minimum that is obtainable with the pure

Fialkow-Gerst synthesis.

lo 31 4—m———03

49 =

————

Fig. 2.3 Synthesis of t = [1,0].

5. Optimization of the Degeneracy Split "Jsing the

Split Factor A

The degeneracy split 1is based upon the idea of
splitting a numerator coefficient such that the new
coefficients equal 0, b' , or b". 1In general, this
leaves a non-zero remainder for the other vector.

Let us now attack the problem from the other direction
by forcing the denominator coefficients to be equal
to the numerator coefficients.

Recall that the new vector denominators are
calculated in equation (1.3) when the admittance 1s
split. Recall alsoc, that in splitting the admittance
we use a split factor » which is arbitrary but re-

stricted to the range of numbers between zero and
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*
one. Since equations (1l.4c) and (1.5b) relate bi to

A they can be used to calculate A for given values of
b' L]
i
Several values of bi are useful in that they in-
crease the degeneracy of the transfer function vector.
For example, in equation (2.1) we would like the re-
: " sy = - ] =
mainder a ik to be zero, hence a ik aix b . 0]%

If a" = aii)= 0 then equation (1l.4c) will yield

ik

e LI

(2.5a) A= = -

by = bgd;/dy - P14
If a"ik = aii) = 0 then equation (l1.5b) gives
bosmy s a,, +byd,/d, ~b,

bj - Pbgd;/dg - bpdi 179

Similarly in equation (2.4) we would like a'j
to be zero and this can be done by using equation (2.5)

with 3 a.. substituted for a.,. Equation (2.3) can
j 1) lk k_l
also be used by substituting 2 a.. for a., in
j=1 1] ik
equation (2.5).

*

Koda118 has 1nvestigated the conditions that an
RC transfer function must meet if A equals zero or
one.
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6. Summary and Conclusion

In this chapter we have shown the advantage of
the degeneracy split over the proportional split..
Example 2.3 showed one of these, namely the creation
of easily realized transfer functions. This use of
the degeneracy split appears to be promising and will
be the subject of future investigations.

Secondly, the use of a calculated value of the
aplit factor A is important since the introduction
of even one degeneracy early in the synthesis of a
vector leads to many additional degeneracies in the
unity degree transfer functions.

Finally, the most significant ‘contribution of
the degeneracy split is that it can be used on any
RC transfer function vector, of any degree, and that
it greatly reduces the number of components needed to
synthesize that vector. Table 2.1 shows how large
this difference can become for transfer functions of
low degree. The fact that these maxima were predicted
by counting a particular type of coefficient suggests
that other properties of networks may also be pre-

dicted from the original coefficients.
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Md/Mp
—
m 2 3 4 5 10
1 9/10 18/22 35/46 68/94 2057/2070
2 12/14 22/30 40/62 74/126 2068/4094
2 15/18 26/38 45/78 80/158 2079/5118
4 18/22 30/46 50/94 86/190 2090/6142
5 21/26 34/54 55/100 92/222 2101/7166

Table 2.1 A comparison of the maximum number of

components in a synthesis using the degeneracy split,

Md’

or the proportional split, Mp.



Appendix

COMPUTER SYNTHESIS

A computer program has been written for syn-
thesizing an RC transfer function vector and its
driving-point admittance using the Fialkow-Gerst
method. The program incorporates several of the
techniques introduced in Chapter 2 and allows
for hybrid synthesis by printing all the calculated
vector and admittance coefficients. For networks with
only one or two inputs, a subpraogram is avsilable
for scaling the components to a éiven frequency and
for placing the component values in their appropriate
place in a printed circuit board.

A general flow chart of the program is given in
Figure A.1 and it is assumed that the reader is suf-
ficiently familiar with ALGOL 60 that the details will
be evident from the program itself. The one notation-
al deviation from the text arises from a programming
problem---when the admittances and transfer function
vectors are split, the even numbered parts have sub-
scripts which differ from the text by unity, thus
A(1,P,J) = A(I,2P+1,J)+A(1I-1, 2P+2,J) instead of a .. =

J

a...+a"'..
1] 1]

-39-



Split Y into
Y2p+1 & Y29+2.

Remove R,
C
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£2p+1 &‘£2p+2
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Calculate
termination
components

'

Print
components,
vectors

\r’-‘
G=D)

Fig. A.l General flow chart.
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The great flexibility of most synthesis procedures
creates problems when an attempt is made to write a
program for them and the Fialkow-Gerst is no exception.
Some of the design decisions are mentioned below 8o
that the reader will be aware of the program's short-
comings.

When several split factors are available for a
vector the program picks the one nearest to 0.5 in
order to minimize the range of component values. The
program makes no attempt to consider future vectors.

Using the chosen A, the admittance is split and
the resistor and capacitor are removed. When the

(2p+1) (2p+2) .

transfer function vectors t and t
calculated a set sequence is followed. If method i)
is used then the largest numerator coefficient, MXA,
is used as ak and the smallest denominator, MNB, is
used as b' in equation (2.1). This was done to mini-
mize the range of component values. If method 1ii)
is used, no special grouping or testing is done---
the coefficients are summed in order, starting with
entry 1.

For these and other reasons the program is sub-
optimum and it is suggested that the user try all

’
possible permutations of the vector entries in the

input data, including using the complementary term
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as an input. Using the complementary transfer
function as an input will also emphasize the round-
ing errors of the computer which appear as grounded

X +
"components" with values of + 10—7.

The compilation of the program requires about

4500 memory locations, excluding the array storage.
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FOR U=(NUNE®*L,1¢TOP) NO <Feln
sUuyans
sUnC=ng
FOR Jz=(1s10%) DO SUNY=SIIAY ¢ alleljed)s
FOR uz(lelev) 00 SUNC=SUMC ¢ 2(0s1)eJ)s
ZYLUeNIZ (Bl e11)=SUMY) 7D ysu) &
2CUe NI (A0 =SUMC) /Dued) 8
FOR JU=t1eleM) DO ZVYIUGJIZALLeueJ)7D(0,U)
FOR uz(1elev) 00 2CIUCJIZALD110 ) 70(U,Y) ¢
FOR U=(0esle¥) DO BEGIN
IF &Y(Ue.)) EQL U THEN BERIN
IF 2CUWJ) FOL 0 THEN AFGIN
WRITE(FRYIS,Ur J)S RO T MEXT &
END
SRITE(FRMTOOUL Yo ZC (110 J) IS 680 TO NEXTY
ENDS
1F ¢CLJeY) e@L U THeN BERIN
WRITE(FRMTToVe e §772V(U0J) )
60 YO NEXY Eunsg
WRITE(FRWIAIUIJeZC Lol 1727V )8
"t l'. . E“D ‘
eNO TRANSFER CSYNTHESIS ¢
eRITE(FRUT2)S
COMMENT

INSERT PRINTED CIRCUIT RUARD PRINTOUT SUBPROGRAM HERE
]

COMmrNT
»RINT Out COEFFICIENT MATRICeS
HZDEW2EE o
WRITL(FRuT2)s
aRITL(FR«TEIVS
FOR UsS(0e1102:T0P) DO REGN
FOR P2{u/eelev) NO «Eoln
AZ1 9
WREITE(FRMT I eP oK oFUD I=(Usler) N0 Alloevex))e
FOR A=(2010v) )0 WRITE(FRMI1SeKeFOR 1=(N0d0R) )0 A(TeP,u))S
¢ 40y

Q=1 ¢
eNN



RZDEGREE
wRITE(FRMT12)&
WRITE(FRMT1IA) S

FOR U=(0eU+2,TOP) DO REGIN
FOR P2(U/2¢10U) NO WRITE(FRMTIS¢PsFOR IS(0r1eR) NO RILvPI)S

R3R=1 $
FNDs
RZDEGREE S
WRITE(FRMT12)«
WRITE(FRMT)IT)S
FOR U=(0rU+2,T0P) DO REGIN
FOR P2(U/2:1+U) DO WRITE(FRMT15:P¢FOR I=(0r1sR=1) DO D(IsP))S
R=R-1 §
ENDS
WRITE(FRMT12)«
END WHOLE THING $

COMMENT
THIS COMPLETES THE SYNTHESIS OF ONE VFCTOR OF THE MATRIX,

60 BACK AND DO THE NEXT VECTOR.
s

60 TO STuT S
FINISH $
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THE DENOMINATOR COFFFICIENIS ARF

0.9999999, Y0 Q.00N0N0Ne 0N 2.2999999, 01 1.8uNVOON,
THE NUMFRATOR COEFFICIENTS OF ENTRY 1 ARF
000000000 00 AR«B79999Q¢ 1O 1.A000000¢ 01 1.7759999,
THE NUMERATOR COEFFICIENTS OF ENTRY 2 ARE
09999999, 00 0.0UN00LVNe yN %5.0000000¢ 00 0.0000000¢
THE NUMERATOR COEFFICIENTS OF Y(QeQ) ARE
09999999¢ 00 9.00000uNe N 2.2999999, 0} 1.8000000¢
THE DENOMINATOR COEFFICIENTS OF Y(WeQ) ARE
800000000 00 2.7000000¢ 01 4+~00VU000. 01 1.80000000
THE FOLLOWING COMPUNENTS ARE IN FARADS AND OMMS
THE FREQAUENCY IS ONE RANIAN/SECHAND
THE TREE COMPONENTS ARE
NODE CAP NOOF RES
1 3.410893R0~y1 2 25486725, UN
3 1.185%6221¢ U0 4 4.9349726,~01
- 40910304 =y} 6 1.59%2959, VO
7 470028840 VO 8 13684900009
9 815406235 U0 10 1.50104858,~-01
11 21936721 0O 12 3:.6960858,=01
13 1:.8865955¢ 00 14 3.2068323/-01
THE TERMINATING COMPONENTS SRE
NODE INPUT CAP RES
7 n NONE 9:73054460=02
7 1 NONE 3.3358022:-03
7 ? 8.5605738, n} NONE
8 n NONE NONE
) 1 1.8620986¢ n} NONE
Y ? NONE 1.7662571+-02
9 0 NONE 10651965 06
') 1 17041002 n} 25734298002
9 ? NONE NONE
10 0 NOnNE NONE
YT} 1 1.02139619 n} §433580829¢-02
10 ? NONE NONE
11 n NINE =2.,4720169¢ 04
11 1 1.06489865¢ nl $:2069179,=-02
11 2 NOWE NONE
12 n NONE NONE
12 1 S5.8127Tu8ye nU 1:25768589 =01
1¢ ? NONE NUNE
13 n NONE NUNE
13 1 773824280 nU 1:41678900 =01
13 ? NONE NONE
16 n 19139785, nU NONE
16 | 8.578%70¢ n} NONE
16 ? NInE 3.13082910-02

13|

1}

on

01

01
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4.0000000,

4.0000000,

00

00

00
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As an experimental ver:fication of the computer
program a double notch filter was designed using the

normalized transfer function

(s + 1) (s2 + 4) ,
+ 0.04s + 1) (s2 + 0.08s + 4)

(52

which produces a notch at j and at 2j.
Following Hazony and Joseph7 this can be re-

written as
" Bty
B(1-A t31)

Choosing A = 1 and B = 87 + 083 + 2382 + 18s + 4

an RC transfer function vector is obtained which 1is

almost identical to that of Example 2.2:

) [ 8.88s3417.99685%417.765 sd455244

t

s349s34235%+18544 s%49s342352+18s+4

The driving point impedance was chosen to be

s + 953 + 2382 + 18s + 4

33 4s> + 27s% + 46s + 18

This network was synthesized by the computer
and in a subprogram the notch frequencies were
shifted to 60 and 120 cps and the component values

were magnitude scaled by a factor of '.5 X 1076,
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In constructing the network the resistors and
capacitors were chosen with a 1 % tolerance and the
unity gain amplifier used was a D.C. emitter follower

circuit with A = 0,998, Zin = 30 Meg, and Zo =1 k.

ut
The response 2f this circuit is shown in Figure A, k62—
some 60 cps noise hampered the response at that

frequency.
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Fig. A.2 Experimental transfer response of the
double notch filter.
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(1)

9

50
LEVEL

52
$3
54
55
56
57
58
59
60
[ 3
62
(3]
o4
65
ob
o?
oh

7C
71
72
73
Ta
75
76
77
78
79
80
81
82
83
(1)
85
86
87
(1]
89
S0
91
92
93
96

96
97
98e

WSy N TNDUTSE
FOPZ (208 )=2%

LTS IFITIETS RN Y] |

nuN'.uu -
wEAL ARRAY A(rooR20¢eTOPNooM)s BoD(0,eRe0.eTOP)CAPIRES(D.oTHPY,
e 313
2V 02l (O0vE e TNP IV M) S
COMMe T
READ NATA AND PRINT IT
k)

READIZOR JUz(1,1emM) DU FOW KZ(PsleR) DN ALKs0sJ)»
E0R JZ(u,rlesR) D06 Bl yeu)e
EFUR JStUs3eR=1) D0 ,(Ye0))S
«RITE(FQuT]FAR KZ(0e)eR) D0 ALK,N))S
FOR Uustleled) DO WRITEL(FRUT2, JeFOR K=(0edsR) 20 alKe0sJ))S
eRITL (FRuT3eF"R x=(0e1eR) D0 a(Ken))$
aRITE(FRTWIFrR AZ(0r1eR=1) DD DiNeO))S

COMuENT
START THE SYNTHESIS
s
FOR uz(0sU*2,D0NE) DO BEGIN FOR P=(U/2elsU) DD BEGIN £y
F0R 1z(0s10Q) D0 FOR J=(1elem) DO A(L,PeuUIZA(TeP,0)*A(LePoU)S nt
COoMurNT
CALCULATE POSCIMLE OPTIMIZING LAMRDA AND CHOOSE CLOSSESY OnE TO 1/2
| ]

FOR az(1e1eQ=1) OO FOR Y=(0rlem) DO BFGIN
sZ5T amzy $ dk
VENIMZB (R rP)=a(0eP)D(Re2I/D(PIP)=BI(R,PION(X=10P)/D(R=1eP)S
NJPERIZALNIPev)eng(QeP)IOD(XeP)/D(G.P)S
WJRTxITA(XePCrv)en{QeP)IOD(NIP)/DICGPI=a(X,P)S
¥ Nz0v EQL r TeEN 59 Ty JUMPOUT S
LAMZN mME1/DdeNOv $
GELT=NUMERR2706 N0 §
IF (L 2w @Ey 1) OR (LAY LEDQ O) THEN LAW =0 §
If 0 50 o655 1Y OR (DEL LED 0) THEN DE_ =0 $
AF AAS(M:L=Nee) LSS AQS{LAM=U,5) THEN LAMZDEL $
IF ApSiLAV=D.5%) LSS AaS(NEST_aAM=0.5) THEN BESTLAMZS_LAM $
JUMPLIIT ..
END PICK OF HEST LAMsOA § Eu
IF BESTLAY QL 0 THEN BEST_AM 0.5 8
COMucNT
REWOVE QL COMPONENTS aND CALCULATE NEw ADVITTANCES
L]

LAMIYEST Am §
VELS1=BESTLAM &
mlGozePey)z3(neP)S
FOR I=(31+1eR=1) DD 8(112eP¢1)=p{],P)o AM
*(n(0sP)8d(1eP)ISIEL/D(.10sP)) = (A(RIP)ISDII=]1,PleLAM/~(R=1,P))S
CAPl¢epPe )z (R~ 0s28P*1)/ ,(r=~1,P)S
FOR I=(0el1eR=2) 00 D(102eP¢1)=D(T,P)=n(],2¢P+1)/CAP(2eP*1) 3
FOR Iz(nNeleR=>) DO BiTr2ePe2)zpB(Ie1eP)eDEL
¢ A(RsPIEI(ToP)IS AM/D(n=1eP) = B(0eP)SD(]¢]1,P)eNEL/NIO,P)S
4{R=1,20P42)2c(R,0)S
wES{oePeg)=I(reP) /800 ,28.02) 8
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HWONITOR SYSTEM == p5«84 0U3/29/65%

RUN 0 HILBERwAN Timg:
aLé FILTER
ALGOL wACH 2101965 INTEREACE FEBRUARY 1501965 PASS2 DECEMBER 23,

1 COMnENT

2 THIS aL60L 60 PROGRAM wILL PRODUCE A FIALXOW-GERSTY SYNTHESIS ARE

3 FlaLxne ET AL, TEEE TRANS CKT THEORYe VOL CT=11 NO 1 VARCH 1966,

[} FROM A GIVEN ©C TRANSFER FUNCTION VECTOR AND ITS DRIVING POINY

S ADUIVTYANCE. THE RESISTORS REMOVED ARE NUNSERED SEQUENTIALLY,

[} THJS NODE O 1S 00 NOOZ 1 IS 3, 2 1S 20 13 IS 30 32 1S &0 23 IS S

R4 22 1S 60 111 IS NUMBERED 7+ EYC. THE SUBSCRIPT 0 REFERS TO SA0UND.
e

L] COMMENT 8
10 REAL RET,SUYNWXAIUNBIwKB,DIFF,BESTLANG

5LOCa 3} LEVEL 1

11 REAL LAMDEL s CUNY o SUMC ¢ DENOM» NUMER ] o Nt HIER2S

12 INTEGER UePoVIRoMoLoYoKoy o XoYoTOPsDONE? DEGREE» NUMINPUTS, P, WKP, MXKS
13 FORMATY FaRUTO(*DEGREES*113eXS,*N0. INPUTS=»13,A1,.0)8

16 FORMAY FauTll *THE DENOWINATO® COEFFICIENTS ARE®,A2.0,

15 (SR1ecB0A1.0))8

16 FORUAT FAVUT2(*THE NUMERATOR COEFFICIENTS OF ENTRY*,135,° ARE*,42,.00
17 (SR1e.8rA1.0))98

18 FORMAT FQUTS(*THE NUMERATOR COEFFICIENTS OF Y(@0Q) ARF'HA2.0,

19 (S1e.8041.0))8

20 FORUAT FuvuTR{*THE DENOMIVATOR COEFFICIENTS OF YI(Q:Q) ARE'9A2.00
21 (SR1eeBrAled))S

22 FORMAY FRUTS({T3ox2013,R8,°NONF* X130 *'NONE?,AL,.0)8

>3 FORMAY FRVTAE(IZsX20130X3,R18.0,X8,"NONE*9AL.0)S8
aVh FORUAY FuMTT(TI3:X20130X8+,°NONE*rXRsRIN.8,A1.0)8
QY FORMAT FuMTB(T13,X2+,13:XK3,R18.0:X3,R14,8:A1.0)8
26 FORVWAT FAUTO(*THE FOLLOWING COMPONENTS ARE In FAQADS AND OMNS*»A2.0¢
27 *THE FREQUENCY IS ONE RADIAN/SECOND®*eAL.V.
28 *THE TREE COAPONENTS ARE',AL1.0¢
29 S 0N e XB,'CAP o113, NIDE e XBRESPAL.0)S

30 FORMAT FAWTIU(ISeX3ek14,80XB80]3eX3rRiacB8eA1.0)8

L} FOQWAY FuvTLI1('THE TERMINATING COMPONENTS ARE*»A2,.00

32 'NODE INPUT s Xbe'CAPY o X160, *RES®eAL1.0)8

33 FORMAY FL¥T12(Er)S

36 FORWA)Y FAMTIS(*VECTOR NUERATOR COEFFICIENT MATRIX®oAD.0,

35 *NODE INPUT.AL.0)S

36 FORWAY FavT14(I3eX3¢I32Xue(912.5,A1.0))8

37 FORWAY F uT15(x60130280(9R12.50A3.0))8

38 FORUAT FRuT]I6(*VECTOR DENOMINATOR COEFFICIENT MATRIX®,A2.0.

39 K& *IDE',A1.0)8
60 FORWAT FQUTIT(*NRIVING POINT ADMITTANCE DENOMINATOR COEFFICIENT MATRIX®,
'Y} A2.00¢X6r°NODE*9AL,0)S
.2 COMMENT S
3 STavt. . HEaD(DEGREE s NUMINPUTS) S
[} aRITE(FRwT12)S

5 <=JEGREES

-—d-
k] 3 n—

12:59208

1368

an

©®© © ¢© ¢

DATE:

02 AP% 65



BLO"N 3

153
158
155
156
157
158
159
160
161
162
163
108
165
166
107
168
109
170
171
172
173
17s
175
176
177
178
179
180
181
182
183
188
185
186
187
188
LEVEL
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
208
VS

eND P S £:
RER=1 S
END U, REMOVAI OF RC TRE: $ €2
FINALSYNTHESIC,.,
oRITEL (FRuTS)S
FOR P=(0s1¢J0VE) DO WRITE(FRMTI0:2¢P¢1eCAP(26P¢1)¢28Pe2/RES(2eP42))S
COMuUrNT
FINISH SYNTHESIS NOW THAT TRANSFER FUNCTIONS ARE OF UNITY DEGREE
s

sRITE(FRuTI1)S

FOR Us(DIONE*1+1¢TOP) "0 <E£61N

suur=ns 823
suuCznse

FOR uzt(lelew} DO SUMY=SUMY ¢ allsyeJls

FOR us=(1e10%) DO SUMC=SUMC ¢ a(0sUeJ)S
2Y1JeN)Z(B(Le1)=SUMY)/DlueY) S
ZCLUrn)IZ(8(0e)=SUMC) /DlUeY) &

FOR uz(1e1eM) DO 2Y(UsJIZA(Leyed)/7D(0,U) S
FOR uz(1ele¥) DO ZclUesd)zA(0eped) /DO, L) S
FOR uz(0ele¥) DO BEGIN

IF 2Y(Ur 1) EQL U THEN BERIN 82¢
1IF 2CtUeJ) QL O THEN BEGIN 825
WRITE(FRUTS,VU»J)S 60 TO NEXT § 826
END S E26
aRITE(FRUTOIUIUeZClUrU))IS 60 TO NEXT
ENDS €25
1F 2C(UeJ) EOL O THeN BEGIN
SRITE(FRMT 7o ue 1727 Ued))S B27
62 TO NEXTY Enns €27
WRITE(FRVIBsU»JrZCLleude 172Y(UrY))S
NEXT. . END S E2s
END TRANSFER CYNTHESIS 8 E23
aRITE(FRuT12)S
COMMENT ~Ow PRINT OUT PRINTED CIRCUIT BOARDS
BEGIN
REAL PLeSCALEFREQS
3 828

INTEGER CARDJS,CDNUMIGS
INTEGER ARRAY TERW(1..,18)8
FORMAT FuaTO(XOWs*TERM 8 IS THE OUTPUT'eAl.0)S
FORMAT FuT1(x0us'TIE TERW 8 TO TERM®*eI3s* OF CARD*+I3,A1.0)8
FORVAY FuT2(XRoBu(*=*)sA1,0¢
X6e*1T%0X90%e®eXT10%1%0A),.0¢
6o TP 2( 2, %) , o %9 7(%%)y 60(°=")0p® . I'5A1.0¢
LT YRS AXT & A o' o XTo%11%eXSTe*]l 1°', A1.O0»
KOe'R="9T18.5," I1%eX1S0%.%0 X15,°J1%0X260°1 1%y A).D &
K6e*JT%e k19702300 ,0), ¢ , , 0,13(0,%)e0IJ0eX28,°] 1°,A1.0»
X60°17 C=%oT18:5¢* 11%x13¢°, et e XTI30°TI%eX28,%1 T%oxbe
*TOP VIEW OF TREE ZARD NOe °*olnrAl .0,
K6r " IT1%x80%¢,.%¢X9¢1T%  x1ls 'RS*,T1I0,5:¢X0,"11% X287 1°eA1,0,
K60 17%019(%a¢) o T1%cx31o°I1%9X26s°] 1'eXuo?FREQUENCY =*9sR14,8,
* CPS*'ALY.00
RO  IT %o xBe%e, "o XPrIT%ox31r°TI% X2800] 1°0A1.0,
x60°13%9x520°11%eX280°) 1°%9A1.00

COOOOOODODOOOODO
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100
101

L&

FOR 12(0s1eR=2) DO DULr20Pe2)=0(101+P) -RES(ZoPeR) a8 (1s1020P02) 3
CALCULATE NEW TRANSFER FUNCTION NUNERATOR

FOR I={1.1oR-3) DO BESIN
nxazo s
FOR K=(1s10M) DO MXAZSNAX(MXAsA(LIsPeK))S
FOR X=(1010%) DO IF A(L:PoK) EOL MXA THEN NXK=K $
NAB=MAX(g(le2ePel)eB(I=1,20P¢2))s
MNB=NIN(B(I2eP0)) eB(I=1,20P¢p))s
IF Mxn EQL 8(1=1:20P¢2) THEN uXP=20P¢2 CELSE NXP 3 20Pel $
IF wnn EoL 8(T=1:206P¢2) THEN wnP=20P¢2 ELSE WNP = 20Pel
SUNZA(L,Pe0) s
1F SUw LEQ wnem THEN BEGIN
FOR K=(1s10M) DO BEGIN A'lIoiNPeX)IZA(LIPek)S A(LI.uXP,K)Z0 S ENDS
60 TO XFERDONE $ ENDS
1F Suw LEQ uXB THEN BEGIN
FOR K=(1,1eM) DO BEGIN A(IsmXPoXIZSA(IPex)S A(IomPoK)IZ=0 $ ENDS
60 YO XFFROONE S ENDS
FOR u=(1e1e4) DO BEGIN
1F AllePoy) EQL WNB THEN BEGIN
EOR K=(3e1eM) DO BEGIN ALIoMXPoK)ISALLI+Pox)S A(TouNPIK)IZ0 S ENDS
AlLToMnPe J)MNGg S
Al(ZoMXPeI=0 S
60 TO XFERDONE S ENDS
IF aA(lePoJ) EQL uXB THEN BEGIN
FOR K=(1,1em) DO BEGIN A(IomNP:K)ZA(T Pok)S A(LIsnXPK)=0 8 ENDS
AlToMXPoIZ=MXS S
AlTomnPr ))Z0 S
60 TO XFERDONE S ENDS
ENDS
IF mxa GTR wWNa THEN BEGIN
FOR X=(1¢31eM) DO BEGIN A(LsmXPIKIZA(LIsPox)IS A(IowNPeX)IZ=0 S ENDS
AlYouNPIwXK) = NS
A(TouxPomxK)=MXA=MNE S
60 TO XFERDONES ENDS
IF (SUM TR MYB) AND (MXA LSS MNg) THEN BEGIN
SUuz=0$%
FOR K2(1,1+M) DO BEGIN
IF (cUM ¢ A(TePoK)) GEQ MNB THEN BEGIN
DIFF=MNG = SUM ¢
FOR JUS(1e3eK=1) D0 BEGIN AT, NP, JIZA(I,PeJISAL],NXP,J)=0SENDS
A(TomnPeK) = DIFF 8
A(TrMXPsKIZA(IePeK) - DIFF S
FOR J=(K®1eloM) DO BESIN Al MXPs IZA(ToPeJISALT NP, J) =0SENDS
60 To XFERDONE s ENDS
SUM = SUM ¢ AlI.PeK) 8
END 3

END S

XFERDONE . «

END TRANSFER FUNCTION CALCULATION S

FOR x=(1rs1+s%) DO FOR IZ(1s1oR) DO All=1020p¢2,K)=A(]1,20Fe2/K) S

FOR x=(1e10%) DO BEGIN A(0r20P*1,X)=A(0sPox)S
A(R=102eP*2:K)=A(RPIK)S ENOS
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€11
813
€13
€10
813

€15

817
818

819
820

821
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€18
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ES

822
€22

8?

812

81%

slé

€20

€21

EY

€12

E1s

E16



2o

201
20?2
203
204
205
206
267
208
209
270
271

272
273
276
275
276
21
278
279
240
2ol
282
263
204
205
206
287
208
269
290
291
292
293
294
295
298
297
298
299
340
3ul
3u2
3u3
3us
305
3ué
307
308
3u9
310
il
312
313
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60T oaue*}y
L TANSANTY YRN8
160 T a0t ]
YA AN T YRR S,
A6 1% sl ]Y

Pt o e 'eBULT.) L, 1% aude?lteut.N,

e'oXoo liteXuR e [0 X120 TERM 8 TO GROUNI'eAL, 0
ToTleeDeX20 11 XUBe1%,A1,9
1S5 (%= )oxGo®looX12,°TERM 1 TO INPUT 1'9A1.0¢
ZEASCITYYR AR FED A FYRD Y 3 PN, 1
0200 ) ot Tl oY 70 . %onDle?,%exX100°1%pxu0%1%9X12-
*TEIM 15 Tu INPIT 2¢eAl.us
ITIARSARFTYRADSAND € 1 AFFLIADSART S AL NS FITR NS SRR KNS ('Y A0 A XY YN 1)
K6o*L1%0 kU0 [ % v x2s? P01 1eSe X2 1T o XT oo X2U, %% oY 00 %X, T(%=2),

* 15%ea).. 0

K6o ' [T %on0e?Iv%ox200°T] %o XT70? *ox28:s°,°,yx10+s°1%¢A1.0,
260 ' AT oMo TP o X2V T ®eXT0? *ox200® ' X100e°T s X1605(%=),° 180 AL.00
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IR SARYLTAR S ANE SN et e X8 T I%eXS,5(%,9)eX22,%4%9Y2725( =), 12%
Aleus
RGP LY o ablotIv o X290 " nT 0T 4e5eX20 I %eXT0%s C='oTi8:5¢X%0 % R+ T14.50
Al.0)S

FORMAT & . 738( 60 ' TI oot Tl o200 TT o XT0%,%0X240%%0¥2765(%=2),
S 11%081, 40
ILYRR SANY L 1

Abr*iT% T LTASSARI S A NANS FI TR IS Y SEN 1)
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260 1T oot IT%0x2sC o T te50R20 10 X700 ,%,X20,%,%,v2T745(%=0),¢ 9%,

Al.Cy
ILYASSANTUYAD S ARY FLY LIRS N Y-S Y I
£6¢*11%xbe’IT1%sx20001(%=)0? 8'041,0,
YA SARTTYAROANY ¢ I Y LIS L NEYY Y 1Y
KGe *IT%oalo®]l %0 X200 110 XT70?, % oadUe? *oX270e5(%=2),"* TreAlaNe
I {YAN S ART L YADS ARSI PXDe ' IT% e X7 X2Ue*o%eA),00
160 17%0%00cee’]l® e*1I%, XTovevex28,0, X2To& (%m0 ),y 6%eA1,0.
GRS AR LY AR S AT L. A e AT enTe ot o X2Ue%.0AL,00
K6o 17 o uto® 17 0x2o%C o T10eSeX20 1T eX70%0%eX200%0"0Y27,5(%=0), S
Al Ny
A0 LT onUo 1T 0 X200 11 eXT0?, CStoTiUeSeX70?, *ox30'R="eT14e5,A1.00
I TANSANNTYRADRANFEIANANS SHTARS ANY S AR NS ¢ P X23¢S(v=r),0 $9,A3,0,
AGs T LT 0wl ot T 0 T7(%,%)0% , o *eB(2. )0 Il%eXSe S(0e°)9X220°,%9sA1e00
ICTANRARTLYRD S ANY ¥ AN et o X8 IIeXS,5( %) X205 e 9 XBr22( =)0 3%
Al.CO0»
YRR ANY UYRRQANY ¢+
x12¢°11¢oX20s L1007
XK12¢°T1°0%200*11%ex?
SORMAT FuT33(¥12.°11

ent

PT10e50 X220 IT 0o XT0®a®o¥28,%%9v10e°I%sA1,0¢
i YA NS SUEND LS ST-FLYIS D P 2°0A1,.0,
e ? e X280 X100°1%sA3.0)8
PR2uUr VI L0sXT, %09 X280 .%o X120,

I X8017(%="),

0 1%08),u0
R12¢°75i°eX200°11%ex? R TLTANAND SUTAN AN CYRBANYY PN I
x12e¢°7] X9e ' 1L oXT70® *ox280®,"oX10e*T%ex8e®]*rAL1.00

sl2e'11
X12e°11°

TTIveXT o, ox2Us®, o X10+"T s xGe®lIoAL, 0
PoXQo T ol (=)0 %o Xur®l®e XU *FREQUENCY ='9sR14,.80
¢ CPS%ealeue
X120 T1%eX20 % %o T10eSoX2e" I, 45(*=°),X80*1%,21.00
K120 T100X200 T %exuBo®]vo X8y *SCALE FACTOR =Z',Ri4.80A1.00
2120110, X9,"* X100°71°,Y4B8s01%,01,.0,
x12e%11¢,7(0, Ao o " IT o XLBs I %o XUO RESTISTANCE IN KILOMMS®,
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20

v

298
2V9
210
211
212
213
2146
215
216
217
218
219
220
221
222
223
228
225
226
227
228
229
230
231
232
233
23
235
236
237
238
239
240
261
262
243
268
245
246
2687
248
249
250
251
252
253
254
258
256
257
258
259

ARG J3U('=* ) e X26o*fT'exD4e] 1°0A1,00

X35¢ %Y Co'eT10e5eXuo? I X280 %eXD016(0=0)0® 359,A1,0¢

£6020(%=2) X391 oX24%0°11%0X00s 3o X)60*1°sAL,00

(IR AN LIRS SR.TRA I%eXB0%ce®o X180 I1%N60% 1,0 X16019(%=0),° 4,

-ﬂtc.

260 JT% 70,9000 o o *o7(% %)% Jlaelecel®ed0(®e?)o?Il%oX6e?lo%0AL.00

[ CYANS A2 AL «%eXT0%31 1 T0oXBeteo®oX18085(%=)," 13%A},0¢

X9¢'wz?oT10,5,* 11 1 I¢ox3300,%9A1.00

X60*1T%ex190°1]1 I *o71(%='),* 12%a1.0.

K60 LT C3%eT108e%50* 1T 1%eX370%.%0A1,0,

E6e*LT% 0 uB80%eo?0X90%]1 te78l0=?),* 7l Al,.0e

K602 JT1%019( %) 0TI X0 R='9T18,50A1.00

R6e 11,18, 2X9¢78(%=*)s* 10%.AL.0¢

R6e"1T7%2610.%0A3.0) S

FORMAY FuTzA(X6099(0=0), 9%9A1,0,

A69:°,%54A1.0¢

A650'cmtad? 38 (et ), * 8%eAL, 0

X670%,%0a1.00

X6099( %=t ), TeAdene

ITYARSANYL TAANY U TRAFRNY S RN 1)

AGs Y IT®oT(,%)0? , o %0T7(%.%)e7B("="),"* 6°0A.0¢

R6e*1T7%0xTe". e e XTe 1% X3Ko 'ombmmt AL, .00

X9r 'R T14e5,* 11 *oTutlo=?),°* S%,A1.00

K60%i1%ex18¢°1]1 1'eX339 0wt CS'eT18.5,41,0¢

X60°17 C=eTiueSe* 11 1 *,T0(0=0)," 4%0A1.00¢

x60°11%9x8, 911 1 J'eX310%e%0A1.00

6o *1T%019¢ )e?ll % 1°0XRe° .o X15o05(0=0), 3°',A1.0¢

K60 11 0kB0%e o oX90 ' Teclonel® Bl e®)e® o o *9243(% %) 11"
XS50%.%oX100°5%083400

X60°11%5x230 %1 1% xper, et o X130 1T%0XS0%e? e X100 %0 XT7019(0=0),
’ 2% A3, v

R6020( =)o X3, T %o X280 7116170 %=*)0oX7,°1%0A.0"

k35¢°Y R, T18.50eX80 1% x28¢%] ?,16(%="),"* 1% 81.00

A6e3U( =9 )oX2ues " [I%ex28¢'l 100A1,.00

2be?1T% x99, ¢ X420 11%9x20e®] 1°0A},00

A€o LT e . eT(%a* ) II%eX310°11%0x280°T I°0A1.0e

K011 %exTet, et o X7 II%0X110°C=%rT18.5eX80*11%°9X20,°1 J%exbe

*RESISTANCE IN KILNOMHMS*sAL.0e

K9 *R=*9T20.5.° I1°oX31,°119,X20¢°%] I°oXwo®CAPACITANCE IN MICROFARADS®
*A1.0)%

FORVAT FUT23(v6e ' II%oX19+°11%o X150 ce®oXiNe? 1 %o X280°T J°0XWoA).0r

X6e 1T C='oT1ueS0® IT°031(%c%)e?11%X280°]1 1°sxX80°SCALE =°'oR14.8¢

hwoO-

KOs 1T e xRo oo o X9r 1T 0 x250%,0% X100 11%o X200 1°0a1.0¢

K6e®lT% 19(°,*)o*11', X570, I°,A3.0.

K60 1T %oxBo%eo'eXx9060(%=2)s? Je,A1,0,

A6o®11%,x819%1%0A1,00

X6rB4(*=*),A1,0)8

FORMAY FuT3(Xao79(=*)) x&4s*T>P VIEW OF FINAL CARD NO,."o13¢A1,.0,

6o JT1%ex70¢'1%sA1.0¢

X6o*IT%oxT6s 1o XUs*CANNGECT TERM 3 TO TERM', 130 OF CARD®*e13,A1,00

KGe * T %eaWo*IT% o202 Y10 XuB80°1°9A2.0,

K60 " IT%enlo I o x990 o X100 1T %exuBr°T%¢X12+°TERM 13 YO TERW®, I3,
* OF Ca23D*s130a1.00
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308
309
370
mn
372
373
376
375
376
377
378
379
380
dou1
382
383
386
385
386
367
308
389
390
391
392
393
39
395
396
397
398
399
%00
[ Y73 §
w2
“03
406
s
END BLOCK 3
406
807
808
U9
830
811
812
(3%}
[ 3]
415
816
817
“18
819
820

WRITE(FVIZsCACDS*( J=DOINE I} /72 TERM(A) s CNUMe TERWI(Q=1) ¢ CAINUMIZY (U=10s1)
2C10=201)02YCu=1¢2)e2C00=200)e2Y(u=1000)S
QRITE(FUTIAIZr (J=1+2)0e2C(J02)e2CC 00D, 2Y(Ue0)eZV(Ue2))S
ARITE(FUTIRIFPEQeZCiUsl) o SCALF2ZY(UW1))S
ENUS €36
JUNK.  1IF TOP LEG 14 THEN GO TO JAILS
1ZaSLzDONE=D ¢

RSR+3S

JSCAKNS &

FOR Us=(neleJ=2) 00 BEGIN

1F 8sx GEN JOME THEN AEGIN 83?7
RSR=3 § Bss
=0 $

VZ2e®(=4) S
AONE=ASY =2 S
TUPz16ev -2 $
FARDSS=EVTIER/(=TAP/14.0) §
ENUS E38
L=7 + mpoluey =1=k, 8) S
CONUM=CANDS = v = (Xx//8) S
wSTOP = gek $
IF Culuv EQL * THEN L=(Q=14l/a s
sRITE(FMTLe TFRY(L)eCONUA)S
WRITE(FUT2,ES(Q) 2 CAP(Q=1)sCADDS=K*RES(Q/2=1)+FREQ"
FAD1N/2=2) sRESIw=2) s CAP(0=3) yRES((0=6)74))S
WRITE(FUT2A¢RES(G=0) e CAP((Q=10)/8)eCAP(Q=5)»RES(Q/72=3)10CAP(Q/2~8)"
RES(3=-5))8
ORITE(FW[28:CAP(Q=T)ecCA_E)S
KSK*1S
ENOS £37
JALLe KZTOP = J48{(CARNS~1) $
FOR JzixKelelriw) D0 RES(JYISCAD(UIZ @=20 S
I=19
aRITE(FWIO)S
SRITE(FUT2.EC(14) o CAD(13)o1+RES(6)FREQ'CAP(S) e RES(125,CAP(11),RES(2))S
GRITE(FUT240RES(10)eCAP(1)+sCAP(D)RES(8)+CAP(3)rRESIB)I)S
aRITE(FUTI2R¢CAP(7),SCALE)S

END PRINTED CTIRCUIT CARDS § €28
COMMENT
PRINT OUT COEFFICIENT MATRICES
s

#=DEGREE &
eRITE(FRaT12)S
eRITE (FRaT13)S
FOR U=(NsU*2:TOP) DO REGIN

FOR P2(u/2¢1ey) N0 AEGIN B39

xz1 s 840

sRITE(FRMTINIPKsFOR I=(001,R) D0 AlIePeK))S
FOR x=(2s1eM) NO WRITE(FRMY1S5¢KeFOR IS(0eleR) DO A(IePoK))S
EnDs Ea0
RIR=1 S
ENDS E39
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38

Al «Or
R120*T10oMTwe", N LTRSS RN 1T TR AT S Y 1

W»w X120l M2e "RE o TinSeN2e "IN oo XaBe " 1o o Xas "CAPACITANCE In WMICROFARADS® e
1 AlaDe
318 K120°710 e XTOwr 1"
e 21201100 XTOe I " sd)als
320 K120°TLeT1M ="} ulkl . ulS
321 FORMAT FuTal*TOO WmaNT IN2UTS FOR PRINTED CIRCUIT FINAL CARDS*:A1.0.E0)8
322 FORMAY FuTs(*SCALED COHMPONENTS Inw MICROFARADS AMD RILNHMS*:AL.D)S
323 FORMAY FaTh!I"wODE" s Xbe "CaP®+ X130 "ODE v+ X8+ "RES " ral.0)%
328 FORMAT FuTTIIR XE3+R1® BoaBeld:u3omib.ArAl.D)S
325 FORMAY FuTBI"wODE INPUT" s Xbe "CAPY K18, "RES"+AL1-0)8
326 FORMAY FuYR il ne 2o INe By "NONE* s X1 3¢ *"moNE " rAl.0) 8
327 FORVATY FuT100 1 3o X2 I3sN3aMIB N, A8+ "NONE"+A]1.0)8
328 FORMAY FaTi1l13e M2+ I3 B "uONT s EReMin-B,41.0)8
329 FORVAT FuT12iTHe k2 13eR3sRINpeX3sRin, BeAl.000
330 FORMAT FuTlNiFDlS
331 CowsgnT 3
332 IZ19FNR TERWM(I)ISIeLSrZrbelOrinvioneSeTeBellriz 15 DO T1=1+18
333 R=DEGREES
33 Pl = 3.1415927 8
335 READISCA_E-FREQ)S
336 FOR u=(NUNE*L1,1TOP) N0 FOR H=iDeleM) DO WMESIN
337 2Y(JoxISSCALESZT (Jrn IR &
338 TF ZY(Jex) GTR 0 THEN ZVIieki=1/7Tenk]) 8
339 2CLUeK)ISCCALESZC(Jrnlab siZ2ePleFRER) §
340 EnD3s
341 FOR Jz=(1+1.T0P) DO BEGIN A
342 RES(JISRES(JI/SCALEAS §8 .
343 CAPLJISSCALE®CAP(U)AG Z7(20P]eFREQ) S
388 ENnS
368 aRITE(FuTS)S
366 aRITE(FuTS6)S
387 FOR U=(001+90NE) DO RRITE(FMTT 20001 +CAP(280¢1)028J02,RES(20J42))8
348 4RITE(FMTA)S
349 FOR UZ(DONE*1,1+TOP) NnO FOR Jz{(0eleM) DO SEGIN
350 IF 2Y(Ury) EOL O THEN BEGIN
351 IF ZCtUeJ) EOL 0 THEN BEGIN
3s2 WRITE(FuTO,UsJ)S
353 60 TO NEXTROw $ EnDS
356 WRITE(FMT1I0sUeJe2C(U,UN)S
35% 60 TO NEXTROw S Enns
356 IF 2CtUeJ) EOL O THEN BEGIN
357 WRITE(FMTIIoUeJe2Y(U,UN)S
358 60 TO NEXTROW S ENDS
359 WRITE(EMTLI20UeJe2CLUr )02V usU))S
360 NEXTRO®. o EnDS
361 sRITE(FuTILIY)S
362 CARDS==ENTIER(=TOP/14,0) 8
303 IF w 6TR 2 THEN BEGIN WRITE(FWTN)S 60 TO JUNKS ENDS
368 FOR J=(TuP,=2,00NE ¢1) DU BEGIN
365 CDONUMZ CARDS = (TOP<J)//aS
366 Q@7 + MOD(Y=DONE=1¢ a)s$
367 IF CONUY EQL 1 THEN 4=U$
-2 UII
et oy E ] L. L ] “—— —— conm— - P

B29 1

€29
83 I
1

E30

83l
832
833
E33
£32

B83%
E3%

(3.}

835 E3S
836



THE DENOMINATOR COEFFICIENTS ARE

09999999, 00 9.0000000, YO 242999999, 01 1.8070000,
THE NUMERATOR COEFFICIENTS OF ENTRY 1 ARE
0.0000000¢ 00 8+8799999¢ Y0 1.7996799¢ 01 1.7759999,

THE NUMERATOR COEFFICIENTS OF ENTRY
09999999, 00 00000000

2 ARE
00 5.0000000¢ 00

THE NUMERATOR COEFFICIENTS OF Y(Q3.Q) ARE
09999999: 00 9+00000uNs YO 2.2999999, 01

THE DENOMINATOR COEFFICIENTS OF Y(QeQ) ARE

0.0000000¢

1.80000000

4.0000000» 00 2.7000U0UNe 01 8.£000000. 01 1.8000000¢
THE FOLLOWING COMPONENTS AQE IN FARADS AND OWMS
THE FREQUENCY 1S 0.4E RANIAN/SECNAND
THE TREE COMPONENTS
NODE CAP NOOE RES

by 3.8106938¢=y1 2 2.5486725, 00
3 1.18%6221¢ u0 . 8.9389726.-01
S 809103080 ~-ul () 1.5952959, 00
7 8¢T7v028d4e¢ U0 ] 1368490, =012
9 801586235 V0 10 1.5010854,=01

11 241936721+ O 12 3.6960558,-01

13 1.8865955¢ u0 16 3.2068323,-01
THE TERMINATING COwPONENTS ARFE
NODE  INPUT CAP RES

7 0 NONE F.TINSNNE =02
7 1 NONE 3:335%8022+=03
7 2 8.5605738¢ 0} NOME
) 0 NONE NOMNE
8 1 1062898560 N} NONE
] 2 NONE 1+76625T1e=02
9 0 NONE 39679513+ 01
L] 1 17082002 n} 2:5TSUSIN =02
9 2 NONE SOME

10 0 NONE MOMNE

1v 1 1.6213361. 01 B2 3%8082=02

10 2 NONE MONE

11 0 NInE =F:suT201l89 06

11 1 1.0609865¢ 01 B 20BN THr=02

11 2 NONE HOMNE

12 0 NONE HOME

12 1 5.81276800 n0 1=25T6A58:=01

12 2 NONE HOME

13 [\] NONE WOME

13 1 T.7382428¢ 00 l+ulaTB90=01

13 2 NOnE NOME

16 0 19139785 nO HONE

1 1 %.5785470 N} HOME

16 2 NONE 31388291 r =02
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01 &4.0000000,

01 0.0000000.

00 4.0000000.

01 8.0000000,

01

00



uw um qumx«— 2)s

[¥3.) WRITE(FRuT16)S

a2s FOR U=(0.,U*2:.TOP) DO BESIN

825 FOR PS(U/203¢U) NO RITE(FRMTLIS:P+FOR I=(001eR) DO B8(1eP))S sl

826 AZR=-1 §

.27 ENDS Esl

.28 RSDEGREE S

829 URITE(FRuT12)s

830 oRITE(FRuT17)S

831 FOR U=(0,U*2:TOP) DO BEGIN

832 FOR PS(U/2+10U) DO aRITE(FRMTLISPoFOR I=(0e2rR=1) DO DI(I.P))S B8a2

833 ASR=1 §

a3 ENOs €s2

835 dRITE(FRuT12)s

.36 END wOLE THING § €1
END BLOCK 2

837 COMMENT

[ 2.1] THIS COMPLETES THE SYNTHESIS OF ONE YECTOR OF THE MATRIX.

839 60 BACK AND DN THE NEXT vECTOR.

840 :

[ T} @0 TO STRY §

882 FINISH S Fo
END BLOCK 3

sssse THIS PROGRAM USED IwPLIED MULTIPLICATION! eseess
COMPILATION COMPLEITED
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11
i1
i
11
11
i1
i1
11
11
11
11
11

11
11
11
1lecee
I
11
11
11
IToese
11
18]
i1
11
i1
i1
11
I1leosns
11
11
i1
11
flecce
i1
i1

«00000

bl bt 2 Pt g St

bt =4 oo b Bt Dm0 Dt bt D=t Pmd B

TOP VIEm OF FIGAL CARL NOe S

CONNECT TERw
TERM
TEam
TERM

TEQ

+»20000

D

«UD76154

«00000

- oa o

L R X

11 11
11 o 11
_"OOOOQIO - L OOQCCOOOhN
11 o . 11
1T == su.852 il
11 1
184 .e I
ﬂH..lOQO...Q.QI.'.U-'.ﬂM
11 .o 1t
11 C= «U%078= 11
11 I1
11 11
11 13
11 ‘e 11
h—l...li. . L] ..0.'.'.””
II o . il
11 = «000uC 11
11 11
11 11
h“l.....' .'O....'-
11 .s 11
Il C= «NLOV0 II
11

11

11

11 11
11 11
Jloececovocnsocencnnnall
i1 .o 11
11 (= «200un I1I
11 It
11 . i1
-o'ol-‘ o e c..o.uocun
11 B o 11
11 R:s ¢Ne83n 1
11 11
11 i1
11 11
11 11
11 11
-tn..no- ooo-.o.hn
11 1
11 C= «18217 1
11 11
11 o 11
Nuooo.c.. o o avoo-otukn
11 . . i1
11 R:= +N00uUn 11
11

11

13 ST B P Y L T TR e R o e

0 bt Pt Pt Ot 524 Bt Bt B8 B0 Pt b
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FREQUENCY =

SCALE FACTOR

T YO TERM 15 OF ZARD
13 TO TERW 12 OF CeRJ
8 TO GRC N
1 YO INPUT 2
18 TO INPUT 2
15
1
13
12
11
19
9
8
7
-]
S
.
3
2
)}
5.9999999¢ 01 CPS
S 1.4999999,=06

RESISTANCE IN xILOHMS

CAPACITANCE IN MICROFAQANS

1

1



FCALEO COWPOIMENT S [N » w7280 AnND KILOWaS

[Nu 3

O v

i1
LB )

CA2
139569923¢~..3
s T Tebuhe~ys
10627789, 2=,3
Ten20180%e =2
16530720 0= 2
LER FLA TR PR
Pe5:H52%) =08

*OUE InFuT Cr-

@O0~

G e b P Gt i G Gt b b et pus b | A
S ESULUNNAFFFECCED < 2Y

n2onE
S ¥ 3

s TN

O
OINE

vy Lo
=%k

NONE
NONE

NO  E
NINE

NOE

MDDV IVSDIVEIVIINN2IVTINmw)

NONE
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